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Background: Bronchial asthma is a common but important chronic disease in children in all over the
world. To take measures against prevalence of childhood asthma, many researchers have surveyed the
actual statuses of childhood asthma in developed countries, but in most AsiaePaciﬁc developing
countries including Mongolia such surveys have never been sufﬁciently conducted until now. We have
thought that this survey, though performed in 2009, will give important and meaningful information
even now in taking measures to prevent prevailing bronchial asthma in children in Mongolia or the
countries under similar statuses.
Methods: The asthma prevalence and patient background information in Mongolian children aged 6e7
living in Ulaanbaatar were examined using a written questionnaire modiﬁed for their parents from that
prepared by the International Study of Asthma and Allergies in Childhood (ISAAC).
Results: The estimated prevalence of asthma in Mongolian children was 20.9%. The following 3 risk
factors were found to be related to asthma: (1) having allergic rhinitis symptoms, (2) mothers' smoking,
and (3) history of severe respiratory infection before 1-year-old.
Conclusions: The asthma prevalence in Mongolian children was higher than that in the world and Asia
ePaciﬁc countries reported by ISAAC. The higher prevalence was probably attributable to households'
(especially mothers) smoking in draft-free houses designed for the cold area and severe air-pollution due
to rapid industrialization and urbanization in Mongolia. Smoking prohibition in the mother (including
family members) and a reduction of exposure to air pollutants are urgently needed to prevent developing
childhood asthma.
Copyright © 2015, Japanese Society of Allergology. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Bronchial asthma, which is a common chronic disease in chil-
dren, seriously impairs the children's quality of life and adversely
affects their healthy growth. Although recent signiﬁcant progress in
the treatment of asthma enables us to successfully control asthma
in developed countries, such progress has been limited in most of
developing countries, and diagnosis and treatment of asthma have, Dokkyo Medical University,
higi 321-0293, Japan.
hihara).
ety of Allergology.
rgology. Production and hosting by Elseremained inadequate.1e3 Recently, the International Study of
Asthma and Allergies in Childhood (ISAAC), which was conducted
by a number of centers mainly located in English-speaking coun-
tries, Western Europe, and Latin America, has revealed the actual
statuses of childhood asthma in developed and developing coun-
tries4; the number of data demonstrating the prevalence of asthma
in children has not increased in most developed countries, while
still continued to increase in developing countries.5,6 The Interna-
tional Study of Asthma and Allergies in Childhood [ISAAC] Steering
Committee (1998) conﬁrms the same trend as described above.7 Lai
et al. describe that in such developing countries, severity of asthma
in childhood patients also tended to be higher than that in the
developed countries presumably because of inadequate
treatment.8vier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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has not been examined in most developing countries in Eastern
Europe, Africa, or AsiaePaciﬁc regions.
In 2009, the Dokkyo University World Health Organization
Collaborating Centre of Prevention and Control of Chronic Respi-
ratory Diseases (DU-WCC) conducted a survey on asthma and
chronic obstructive respiratory disease in AsiaePaciﬁc developing
countries so as to achieve the prevention and control of chronic
respiratory diseases in those countries.
This study was performed in Mongolia as a part of the DU-WCC
survey; because in this country rapid industrialization and urban-
ization have led to dramatic changes of the environments and
lifestyles of people especially causing respiratory diseases including
asthma. We presented the results in an academic meeting in 2010
and proposed measures to prevent or control the diseases in
Mongolia. We believe that publishing the results and our proposals
in medical journals is important in light of the purpose of the
survey. Here, we report the data obtained in the survey on asthmaTable 1
Questionnaire for this survey.prevalence in Mongolian children living in Ulaanbaatar and the risk
factors relating to the development of asthma.
Methods
Setting
From June 22 to July 3, 2009, we investigated the asthma
prevalence in Mongolian children aged 6 to 7 living in Ulaanbaatar
using a written questionnaire for their parents. We obtained
approval from the ethics committee of Dokkyo University before
the start of the survey, and the parents participating in this survey
signed an Informed Consent form before their participation.
Questionnaire
In this study, neither blood examination nor sputum exami-
nation was conducted, because the number of the institutes(continued on next page)
Table 1e(continued)
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Instead, a questionnaire shown in Table 1 was used for diagnosis
of asthma and allergic rhinitis in children. The questionnaire
consists of 3 parts: the ﬁrst part containing 8 questions regarding
asthma symptoms was newly prepared for the parents based on
the ISAAC questionnaire to screen a child with asthma and sur-
vey the severity of asthma (Table 1, D1 to D8 in section D),9 the
second part contained 5 questions regarding background
(Table 1, E1 to E5 in section E) to identify the risk factors of
asthma, and the third part was composed of 7 questions
regarding allergic rhinitis symptoms (Table 1, F2 to F8 in section
F). Since most of the parents did not understand the question-
naire written in English, investigators or collaborators who were
medical students at Health Science University of Mongolia
interviewed the parents in Mongolian language and completed
the English questionnaire on their behalf. A child was diagnosed
with asthma when the answer of parents was “Yes” to thequestions of “Has your child ever had wheezing or whistling in
the chest at any time in the past? (D1) and “Has your child had
wheezing or whistling in the chest in the last 12 months? (D2).
Since the selection of backgrounds to be examined is thought to
be important for the present study whose sample size was small,
we paid our attention to setting of the patient backgrounds used
for their selection to avoid a sampling bias as much as possible.
Thus, the backgrounds consisted of the circumstances at home
(such as smoking by households, E1 and E2), experience of res-
piratory infection (E3) and asthma (D8), and feeding way at in-
fancy (E4 and E5), some of which are reported to be risk factors
affecting the development or aggravation of asthma. All the pa-
tients who were diagnosed with asthma by the questionnaire
and whose parents were able to answer the questionnaire and
gave us informed consent were included in this study. Likewise
asthma, a child was diagnosed with allergic rhinitis based on the
answer of parents to the questionnaire of F2 to F8.
Table 3
Allergic rhinitis symptoms.
All
(n ¼ 401)
Male
(n ¼ 196)
Female
(n ¼ 205)
Symptoms of allergic rhinitis
in the last 12 months
Number of patients aged at 6 to 7 years (%)
F2. Sneezing 101 (25.2%) 51 (26.0%) 50 (24.4%)
F3. Runny nose 113 (28.2%) 50 (25.5%) 63 (30.7%)
F4. Blocked nose 125 (31.2%) 63 (32.1%) 62 (30.2%)
F5. Itchy-watery eyes 37 (9.2%) 16 (8.2%) 21 (10.2%)
Classiﬁed as having current
allergic rhinitis
180 (44.9%) 92 (46.9%) 88 (42.9%)
F6. Still with symptoms 76 (19.0%) 41 (20.9%) 35 (17.1%)
F7. Onset age of symptoms (years) 4.1 ± 1.7
(n ¼ 150)
4.1 ± 1.9
(n ¼ 75)
4.1 ± 1.6
(n ¼ 75)
F8. Offset age of symptoms (years) 5.6 ± 1.5
(n ¼ 50)
5.6 ± 1.5
(n ¼ 24)
5.5 ± 1.7
(n ¼ 26)
Table 2
Asthma symptoms.
All
(n ¼ 401)
Male
(n ¼ 196)
Female
(n ¼ 205)
D1. Wheezing at any time in the past 132 (32.9%) 59 (30.1%) 73 (35.6%)
Asthma symptoms in the last 12 months
D2. Wheezing 86 (21.4%) 43 (21.9%) 43 (21.0%)
D3. Number of wheezing attacks
0 246 (61.3%) 122 (62.2%) 124 (60.5%)
1e3 76 (19.0%) 35 (17.9%) 41 (20.0%)
4e12 10 (2.5%) 7 (3.6%) 3 (1.5%)
>12 2 (0.5%) 0 (0.0%) 2 (1.0%)
Unknown 67 (16.7%) 32 (16.3%) 35 (17.1%)
D4. Number of sleep disturbances due to wheezing
0 290 (72.3%) 140 (71.4%) 150 (73.2%)
1e3 34 (8.5%) 17 (8.7%) 17 (8.3%)
4e12 6 (1.5%) 4 (2.0%) 2 (1.0%)
>12 3 (0.7%) 2 (1.0%) 1 (0.5%)
Unknown 68 (17.0%) 33 (16.8%) 35 (17.1%)
D5. Speech-limiting wheezing 26 (6.5%) 10 (5.1%) 16 (7.8%)
D6. Exercise-induced wheezing 58 (14.5%) 16 (8.2%) 42 (20.5%)
D7. Dry cough at night disassociated
with infection
99 (24.7%) 55 (28.1%) 44 (21.5%)
Classiﬁed as having current asthma 84 (20.9%) 41 (20.9%) 43 (21.0%)
D8. Diagnosed with asthma at
any time in the past
10 (2.5%) 4 (2.0%) 6 (2.9%)
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The children were classiﬁed as having current asthma when
they had wheezing (D2) and one or more of the following symp-
toms in the last 12 months: sleep disturbance due to wheezingp=0.008
p<0.001
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Fig. 1. Comparison of the asthma prevalence in children of each group divided by symptom
before 1-year-old or feeding way in infant age (c).(D4), wheezing induced by exercise (D6), or dry cough at night
apart from a cold or a respiratory infection (D7). Children were
classiﬁed as having current allergic rhinitis when they had one or
more of the following symptoms in the last 12 months: sneezing
(F2), runny nose (F3), blocked nose (F4), or itchy-watery eyes (F5).
We analyzed the relationship of asthma prevalence with the
allergic rhinitis symptoms, household smoking, the history of se-
vere respiratory infection before 1-year-old, or feeding way in in-
fant age. A subgroup analysis of the relationship between the
asthma prevalence and household smoking for children with or
without allergic rhinitis was additionally conducted. In these ana-
lyses, the multivariate statistical analysis was applied and P values
were corrected by the Benjamini & Hochberg method by using
Fishers exact test.10 A signiﬁcance level of 0.05 for a two-sided test
was used.Results
Parents of 401 children (male, 196; female, 205) aged 6e7 years
answered the questionnaire. The details of answers to the ques-
tionnaire for asthma symptoms and allergic rhinitis symptoms are
shown in Table 2, 3, respectively. The estimated prevalence of
asthma in male and female children was 20.9% and 21.0% (total:
20.9%), respectively (Table 2).
Table 3 demonstrates the details of allergic rhinitis symptoms in
the last 12 months. The patients developed sneezing, runny nose,
and blocked nose at approximately equal rates and there was no
sex-dependent difference in the incidence of these symptoms.
The risk factors that associated with the asthma prevalence in
childrenwith a statistical signiﬁcance of P < 0.05 determined by the
multivariate analysis were concomitant allergic rhinitis symptoms
(Fig. 1a), smoking by a mother during fetal period (Fig. 1b), and the
history of severe respiratory infection before 1-year-old (Fig. 1c).
Thus, the asthma prevalence in children who developed dry cough,
runny nose, blocked nose, and itchy-watery eyes as the allergic
rhinitis symptoms was higher than those in the children without
any of these symptoms with statistically signiﬁcant differences of
P ¼ 0.008, P < 0.001, P < 0.001, and P < 0.001, respectively (Fig. 1a).
The asthma prevalence in children whose mother had a habit of
smoking during fetal period was signiﬁcantly higher than that in
the children whose mother had no smoking habit (Fig. 1b) with
statistical differences of P ¼ 0.017. A habit of smoking by family
members other than mother in the fetal period and during the
period from 1 to 3 years old did not adversely affect the prevalence
of childhood asthma with a signiﬁcant difference, but there was ars except mother
ld smoking
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Fig. 2. Comparison of the asthma prevalence in children with or without allergic rhinitis in each smoking group (subgroup analysis).
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and during the period from 1 to 3 years old had undesirable effect
on the prevalence of childhood asthma aged at 6 to 7 (Fig. 1b).
These results indicate that no smoking habit of households espe-
cially mothers is signiﬁcantly important for the health of children.
The asthma prevalence in children experiencing severe respiratory
infection before 1-year-old was higher than that in children not
having such an experiencewith statistically signiﬁcant difference of
0.001 (Fig. 1c). We additionally examined the relation of feeding
manners (breastfed and bottle fed) in infant age to the asthma
prevalence; there observed no relation between the feeding ways
and the asthma prevalence (Fig. 1c).
In this study, we additionally performed a subgroup analysis
of the children with or without allergic rhinitis (Fig. 2). The
asthma prevalence of children with allergic rhinitis was statis-
tically signiﬁcantly affected by mothers' smoking habit during
fetal period (P < 0.05). Although such statistically signiﬁcant
effect was not observed in the children whose mother had
smoking habit during period from 1 to 3 years old and in the
children whose family members had smoking habit during both
periods, there was observed a tendency that such children
showed high incidence of asthma in comparison with those
whose households had no smoking habit. On the other hand,
there was no signiﬁcant relationship between the asthma prev-
alence and household smoking in children not developing
allergic rhinitis.
Discussion
The prevalence of wheezing episodes during the last 12 months
was 21.4% in 2009 in the examined children aged at 6 to 7 living in
Ulaanbaatar. This was higher than the result of ISAAC phase I
conducted in 1996 (world average of 11.8% and AsiaePaciﬁc average
of 9.6%), which evaluated the prevalence of wheezing in the pre-
vious 12 months by approximately the same method as that of our
survey. Since the timings of the surveys were different from the
present study and Mongolian children were not included in ISAAC
phase I, our result cannot be directly compared with that of ISAAC
phase I; however, the present survey suggests that the prevalence
of wheezing in children living in Ulaanbaatar was higher than in
other countries in AsiaePaciﬁc area.
The prevalence of current asthma was estimated to be 20.9%,
while 15.6% in adults determined in the parallel survey on adultrespiratory diseases. These values were much higher than the
asthma prevalence in a previous survey conducted during April
1999 to August 2000 for Mongolian participants aged 10e60 years
old (Ulaanbaatar 2.1%; rural towns 2.4%; villages 1.1%).11 This dif-
ference clearly demonstrates that the asthma prevalence has
increased in Ulaanbaatar in 2009. The reason is not obvious from
our questionnaire survey; however, we have thought that severe
air pollution due to rapid industrialization in recent years in
Ulaanbaatar is a possible cause of the increase of asthma preva-
lence.12 Air pollution is a known risk factor of pathogenesis and
worsening of asthma.13e17 The Embassy of Japan in Mongolia has
announced no-improved air pollution in Ulaanbaatar on
December of 2013 and necessity of measures to the pollution
(http://www.mn.emb-japan.go.jp/news/20131218_taikiosen.html).
The continuous exposure to the air pollution in Ulaanbaatar where
the prevalence of respiratory disease is likely to be high compared
with the general population, might cause the increase of the
asthma prevalence in children. Therefore, to suppress the occur-
rence of childhood asthma in Mongrel, especially in Ulaanbaatar,
we have to instruct the organizations and person in charge of
human health in this country for the urgent improvement of the
air pollution.
Factors associated with development of asthma in the children
were complicating allergic rhinitis symptoms, mother's smoking in
fetal period, and the history of severe respiratory infection before 1-
year-old (Fig. 1, 2). Since the number of participants in this epide-
miological study was relatively small, the limitation of the present
study is to be taken into consideration in the interpretation of
above results. Thus, although no statistically signiﬁcant difference
was obtained between the children with allergic rhinitis whose
households other than mothers had a habit of smoking and those
whose households had no habit of smoking, a study including more
number of children will probably show the result with statistically
signiﬁcant difference even for these cases. National Institute of
Health, and National Heart, Lung and Blood Institute have also re-
ported that these are risk factors for asthma in Global Strategy for
Asthma Management and Prevention (National Institute of Health,
National Heart, Lung and Blood Institute, 2012).18
Although household smoking was found to be related to the
asthma prevalence in this study, a corresponding survey conducted
by DU-WCC in the Philippines shows insigniﬁcant relationship
between the household smoking and asthma prevalence, despite
the ﬁnding that the rates of household smoking were
S. Yoshihara et al. / Allergology International 65 (2016) 62e67 67approximately the same in these two countries: in Mongolia 52.4%
in fetal period and 53.4% at 1e3 years old and in the Philippines
57.5% in fetal period and 56.3% at 1e3 years old. These results were
likely attributable to a lifestyle difference between Mongolia and
the Philippines; thus, in Mongolia, windows of houses are usually
shut because of coldness in winter, which lasts for about half of the
year, while windows are generally open all year around in the
Philippines. As a result, exposure to tobacco smoke of children is
higher in Mongolia than that in the Philippines.
In this survey, the asthma prevalence in the children without
allergic rhinitis was not related to household smoking, however the
asthma prevalence tended to be higher in the childrenwith allergic
rhinitis whose mothers and households had a smoking habit than
those whose households had no smoking habit though not statis-
tically signiﬁcant difference (Fig. 2). This suggests that exposure to
tobacco smoke is less harmful for non-allergic children, at least
with respect to pathogenesis of asthma. Nevertheless, the children
with allergic rhinitis were strongly affected by tobacco smoke, and
they accounted for almost half of the children patients surveyed.
Therefore, prohibition of smoking of parents having children
especially with allergic rhinitis is important for prevention of
asthma.
In conclusion, the asthma prevalence in Mongolian childrenwas
about 20% based on the questionnaire survey, which is higher than
the world average and the AsiaePaciﬁc average in the report of
ISAAC phase I.4 Prohibition of smoking by parents and reduction of
emission of air pollutants are urgently needed in order to prevent
Mongolian children from developing asthma.Acknowledgement
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